Rubella complement-fixing (CF) antigen and infectious virus were produced continuously and concurrently for as long as 63 days in suspension cultures of BHK-21 cells prepared from uncloned monolayer stock cultures. CF titers ranged from 1:4 to 1: 32, and the peak infectivity titer was greater than 8.0 (TCID50 log1o) per ml. Suspension cultures could be recultivated after prolonged storage in liquid nitrogen. The resulting monolayer or suspension cultures also produced CF antigen. Suspension cultures provide an effective system for the long-term continuous and concurrent production of rubella virus diagnostic reagents.
Rubella complement-fixing (CF) antigen and infectious virus were produced continuously and concurrently for as long as 63 days in suspension cultures of BHK-21 cells prepared from uncloned monolayer stock cultures. CF titers ranged from 1:4 to 1: 32, and the peak infectivity titer was greater than 8.0 (TCID50 log1o) per ml. Suspension cultures could be recultivated after prolonged storage in liquid nitrogen. The resulting monolayer or suspension cultures also produced CF antigen. Suspension cultures provide an effective system for the long-term continuous and concurrent production of rubella virus diagnostic reagents.
The increased interest in rubella virus and its effect on perinatal illness has resulted in the need for effective, specific, and standardized diagnostic reagents. Schell et al. (7) demonstrated that continuous baby hamster kidney (BHK-21) monolayer cultures supported the growth of rubella virus and that complement-fixing (CF) antigen could be prepared from such cultures. Vaheri et al. (12) observed that BHK-21 suspension cultures supported rubella virus growth.
This report describes methods for preparing both CF antigen and high-titer infectious rubella virus continuously and concurrently in the same suspension culture for a prolonged period and the successful recultivation of actively producing cultures after prolonged storage in liquid nitrogen.
MATERIALS AND METHODS
Virus. The RV strain of rubella virus (9) was used after 6 passages in primary African green monkey kidney cells and 10 passages in RK-13 cell cultures (1). Virus inoculum used for initial infection of suspension cultures had a titer of 4.5 (TCED5o log16) per ml.
Suspension cultures. The BHK-21 (11) cell line was cultured in Eagle's minimal essential medium with 10%o fetal bovine serum, supplemented with penicillin and streptomycin (100 units and 100 ,ug/ml, respectively), and nonessential amino acids, as well as sodium pyruvate (2) . Suspension cultures were established by dissociating the monolayer cultures with 0.02% ethylenediaminetetraacetic acid and suspending the cells in minimal essential medium (Eagle) for suspension cultures (2) . The medium was supplemented with 5% fetal bovine serum, in addition to streptomycin, penicillin, nonessential amino acids, and sodium pyruvate. The cell population at the time of virus inoculation was adjusted to 106 cells per ml. The virus inoculum was diluted to provide a multiplicity of infection of 0.1 to 1.0. All experiments were initiated with suspension cultures in 200-ml volumes. At 24-hr intervals, the suspension cultures were centrifuged at 600 X g for 10 min, and the sedimented cells were then resuspended to the original volume in fresh nutrient media. The inoculated cultures were incubated at 36 C. Cell counts were made daily with the use of trypan blue. The cell cultures in these experiments were monitored weekly and determined to be free from mycoplasma, bacteria, and fungi.
Virus titrations. Infectivity titers of rubella virus were determined in primary African green monkey kidney tissue cultures by a modification of the enterovirus interference technique described by Schiff et al. (8) . Briefly, samples of supernatant fluid were withdrawn from suspension cultures after centrifugation at 600 X g for 10 min. Serial 1-log dilutions were made in basal medium (Eagle) . Three primary African green monkey kidney tissue culture tubes were inoculated with 0.1 ml of each dilution. The overlay fluid was removed 10 days later and replaced with fresh maintenance media containing 100 TCID5o of coxsackievirus A-9. Tubes were examined microscopically after 96 hr for cytopathic effects of coxsackievirus. The absence of such cytopathic change was interpreted as presumptive evidence for the interfering effect of rubella virus. Fifty per cent interference (infectivity) end points were calculated by the method of Reed and Muench (6) . The presence of rubella virus was confirmed by neutralization tests with the use of rubella-specific antisera.
Preparation of the CF antigen. A 10-ml sample of the suspension culture was centrifuged at 600 X g for 10 min. The packed cells were resuspended in Veronal-buffered saline to give a 10% suspension, and on October 11, 2017 by guest http://aem.asm.org/ Downloaded from were frozen and thawed three times (10) . These 10% cell preparations (cell pack rubella CF antigen) were stored at -70 C until tested.
Monolayer cultures from frozen reference cell suspensions were planted in 32-oz (900-ml) bottles. They were scraped with a rubber policeman 48 hr after planting, and the cells were suspended in a small volume of supernatant fluid. The cells were centrifuged at 600 X g for 10 min, and the packed cells were then resuspended in Veronal-buffered saline to give a 10%0 suspension by volume. These preparations were frozen and thawed three times and stored at -70 C until tested.
CF test. The microtechnique CF test described by Sever et al. (10) was employed. Antigen titrations were carried out in serial twofold dilutions. The sera used were acute and convalescent human sera from proven cases of rubella, inactivated at 56 C for 30 min, and diluted in Veronal-buffered saline containing calcium and magnesium ions, as described by Kabat and Mayer (4). Table 1 summarizes the development of CF antigen and infectious virus in a representative BHK-21 suspension culture in which the medium was changed daily for 63 days. A CF titer of 8 was first noted on day 11. From day 15 to day 25, no significant CF titer was found, but activity was again detected on day 26. Thereafter, CF antigen was present almost daily in titers varying from 4 to 32. The infectivity titer of the supernatant fluid increased during the first 3 days, declined during the period from day 8 through 18, and no virus was detected from the 20th through the 23rd day. The titer then rose to 108 At intervals from day 24 to day 63, samples of the suspension culture were frozen with DMSO in liquid nitrogen and were stored for 125 to 189 days. The frozen suspension culture specimens, when recultivated in monolayer culture after prolonged storage, showed active production of CF antigen. Table 3 summarizes the CF titers obtained in a suspension culture recultivated from the original culture after 12 days of storage in DMSO in liquid nitrogen. After the 8th day, the cell counts remained in the range of 1 million cells per ml. CF titer was first detected on day 4 and again on days 11 through 17. At the time of recultivation of this suspension culture, a sample of the same frozen specimen was recultivated in monolayer culture and was passed six times. Each of the passages was harvested 48 hr after recultivation in monolayer culture, and the CF titers were determined. CF titers of 1:2 were obtained on passages 1, 2, and 3; titers of 1:4 were obtained on passages 4, 5, and 6. When these monolayer cultures were later cultivated as suspension cultures, the CF titers followed the same pattern, as shown in Table 3 .
REsULTS

DIsCussIoN
The present experiments demonstrate a reliable method for long-term, efficient production of rubella CF antigen and infectious virus in BHK-21 suspension cell cultures. The daily complete refeeding of these cultures initiated with a starting population of 106 cells per ml and a multiplicity of infection of 0.1 to 1.0 was found to provide almost constant supplies of CF antigen and virus after an initial period of stabilization. Long-term spinner cultures produced infectious virus for more than 60 days, and, when cell populations remained at levels greater than 1 million cells per ml, continued to produce CF antigen daily at significant levels. In the first 10 to 25 days of these experiments, the cell populations, infectious titers, and CF titers were variable, and usually were quite low. After this initial phase, the cell population remained at greater than 1 million cells per ml; CF antigen and high-titered infectious virus were produced almost daily. CF antigen and infectious virus were produced in both stationary and suspension systems initiated with cells derived from either the original infected suspension cultures or from frozen cells of infected suspension cultures.
The data on extracellular infectivity titers in the development of CF antigen are in agreement with those reported previously (3) 
